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Description 

Background of the Invention 

5 Enormous efforts Bre currently being made to develop a vaccine against HIV-1; see Laurence, AIDS 
Res, 6:175-181 (1990). Currently tested systems employ either killed virus, stripped of its coat, or one of 
the HIV proteins, either surface glycoproteins (gpl20, gpl60) or core proteins (p24, hgp30). The main 
limitation with subunit protein vaccines is their poor imrnunogenicity, even If combined with an adjuvant, e.g. 
muramyltri peptide. 

io Another approach, used by several investigators, has been to enhance the immunogenic activity of 
subunit vaccines by preparing protein-containing lipid vesicles, for example called "proteoliposomes", 
"Immunaliposomes", "immunosomes ,, or "virosomes"- Methods to prepare these vesicles vary widely; they 
are based on one of the following protocols: proteins are usually (I) passively bound to lipids by van der 
Waal's or hydrophobic interaction; (fi) covalently bound to lipids, or to phospholipid molecules (mainly 

15 phosphatidylethanolairiine), via divalent coupling such as SPDP and others; or (iii) reconstituted with 
extracted viral lipids, phospholipids, or a combination of bath* from detergent-sofubilised lipid-protein 
mixtures. 

Ho et al, J. Virology 63:2951-2958 (1989): El Guink et al, Vaccine 7:147-151 (1989); GoukJ-Fogerite et 
al, to Advances in Membrane Biochemistry and Bioenergetics, ed. Kim et al, Plenum Press, New York, pp 

20 509-586; Nussbaum et al, J. Virol, 61:2245-2252 (1987); Haddad et al, J. Virol. 63:4998-5005 (1989); Oth et 
al, Cell Immunol. 108:220-226 (1987); and Thibodeau et al, C,R. Acad. Sci. Paris 309(HI) :741-747 (1989), 
report efforts to Insert proteins so that binding and/or immunogenicity was retained upon reconstitution of 
the mixture, usually via detergent dialysis. However, In most cases, arbitrary phospholipid mixtures are used 
which do not represent the accurate lipid composition of the viral envelope. For example, Thibodeau et al - 

26 (1989), supra , describe a method of "anchoring" HIV gp16G on the surface of liposomes to prepare "HIV- 
inrimimosomes". However, the liposome composition is not disclosed, and the "anchoring" is achieved by 
simple Incubation of preformed liposomes with the purified gplBO. 

Only Ei Guink et al (1909) supra, used control liposomes (without viral proteins) similar to the natural 
viral lipid composition. 

30 

Summary of the Invention 

Disclosed are novel unilamellar artificial viral envelopes, essentially identical to natural viral envelopes, 
e.g. to the human immunodeficiency virus (HIV-1), the respiratory syncytial virus (RSV), or other viruses, 

$5 and a novel method, double-detergent dialysis, to prepare them. This method has produced a unilamellar 
viral envelope identical to the HIV-1 envelope with respect to its lipid composition, an approximately 
equirnolar lipid-cholesterol ratio, unilameliarity and vesicular size. Furthermore, the incorporation of gp160 
was achieved by partial re-solubilisatlon of the lipid envelopes in order to maintain the correct three- 
dimensional protein conformation by incorporation of the hydrophobic gp41 part of gp160 into the lipid 

40 envelope. Using the novel approach, it is now possible to formulate subunit vaccines which are superior to 
conventional vaccines. The novel double-detergent dialysis procedure results in a viral envelope with 
proteins only on the surface, as they should be, rather than randomly intermingled with the envelope lipid 
portion. 

In the novel two*step process, for preparing unilamellar lipid vesicles having a size of from 50 to 500 
45 nm. a cholesterol:phospholipid ratio of from 0.8 to 1,2, and a stable, rigid structure and additionally having 

antigenic or Immunogenic proteins, peptides or epitopes on their outer surface, 

the first step comprises solubilising phospholipids and cholesterol in a detergent solution such that the 

molar ratio of detergent to total lipids Is between 10:1 and 100:1 and the ratio of phospholipid to cholesterot 

is between 0.8 and 1 .2, and removing the detergent by dialysis, 
so and the second step comprises insertion of proteins or peptides comprising appropriate antigenic or 

immunogenic epitopes onto the surface of the resultant rigid vesicle, wherein the insertion of the proteins 

involves partial miceltation 0 f the rigid vesicle with a detergent wherein the ratio of detergent to lipids is 

between 1:1 and 20:1, adding the proteins io the partially-mice Hated vesicle, and removing the detergent by 

dialysis. 

66 Natural viral envelopes are unique in their chalesterohphospholioid ratio of about 0.8-1.2 and, until now, 
could not be reproduced by any known preparation technique. 

The subject invention describes a novel method, double-detergent dialysis, which can be used to 
prepare lipid vesicles in general and viral envelopes in particular. The first step of the novel process is the 
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preparation of lipid vesicles without glycoprotein from a detergent-solubilized lipid mixture at a unique 
1lpld:detergent ratio. Next, glycoproteins are inserted Into the preformed vesicles by partial micellation with 
another detergent followed by dialysis. The process has been adapted to reproduclbly yield both small <<5 
ml) laboratory scale samples as well as sterile large batches (>100 ml). An important aspect of this method 

5 is that the two steps are independent processes. Thus, a large reservoir of concentrated lipid envelopes can 
be prepared and stored while individual batch sizes of the Una! envelope containing the surface protein, or 
the desired composite epitopes of surface proteins, can be prepared upon demand. 

The artificial viral envelopes can be characterized by: (i) an advantageous phospholipld:cho!esterol ratio 
of about 1:1; <ii) a virus-specific phospholipid composition; (iii) a homogenous size distribution around 250 

io nm, similar to natural viral size: (iv) a uniquely stable, rigid, unilamellar structure; (v) envelope glycoproteins 
such a 5 the HIV-1 gp160, RSV G (aggregation) and F (fusion) proteins, and others, inserted in the outer 
surface; (vi) high fusogenic activity; (vii) specific binding to their monoclonal antibodies confirming the Intact 
conformation of the surface glycoproteins: and (vlli) selective binding to cell surface receptors such as the 
CD4 receptor on human T-cells. 

15 The following applications of the artificial viral envelopes are proposed: (i) synthetic subunit vaccines; 
(ir) highly targetable and fusogenic drug delivery devices for delivery of antiviral agents to infected cells; (iii) 
highly specific cell destructing agent; (iv) non-biohazard in vitro model systems for viral infectivity; and (v) 
highly efficient transection device for the introduction of genetic materials into animal, bacterial, and plant 
cells, 
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Detailed Description of the Invention 



The artificial lipid vesicles of the subject invention are characterized by: (I) a cholesterokphosphollpld 
ratio of about 0.8 to about 1.2, similar to that of natural viral envelopes: fii) a phospholipid composition 

25 similar to the natural phospholipid mixture of viral envelopes; (iii) a homogenous size distribution in the 
range of about 50 to about 500 nm, which is similar to that of the natural viral particle; and (iv) a physically 
stable unilamellar membrane structure. In one preferred embodiment of the invention, the novel lipid 
vesicles may be further characterized by (v) envelope proteins such as the HIV-1 gp160. RSV G 
(aggregation) and F (fusion) proteins, and others, inserted in the outer surface; (vi) high fusogenic activity; 

ao (vii) specific binding to their monoclonal antibodies confirming the intact conformation of the surface 
proteins following Insertion; and (viii) selective binding to cell surface receptors such as the CD4 receptor 
on human T-cells. 

Preferably, the phospholipid composition of the synthetic viral envelopes should bo similar to the natural 
viral composition and should comprise phosphatidylcholine (PC), phosphatidylserine (PS), 

35 phosphatidylethanolamlne (PE), and sphingomyelin (SM). The envelope may further comprise additional 
lipids such as phosphatidylinositol. 

The artificial lipid vesicles are prepared by a novel method-double detergent dialysis. As specifically 
exemplified herein, this method consists essentially of two steps: (1) preparation of the 
phosphollpid/cholesterol envelope by solubilization of the lipids and cholesterol with sodium cholate or other 

40 appropriate detergent as the solubilizing agent at a unique morar ratio of approximately 45:1, followed by 
removal of the detergent by exhaustive dialysis against phosphate-buffered saline (PBS); and (ii) insertion of 
protein(s) In the outer surface of the preformed vesicles by partial micellation with sodium deoxycholate or 
other appropriate detergent at an approximate ratio of S:1 and removal of the detergent by exhaustive 
dialysis as before in step (I). The method of the subject Invention can be readily modified by a person 

45 skilled in the art to use, for example, other solubilizing agents or buffers. Generally, the proteins which are 
inserted into the preformed vesicles will be glycoproteins but other proteins can be used, so long as they 
remain inserted in the lipid vesicle. 

The detergent:lipld ratio can be from about 10:1 to about 100:1 and Is preferably from about 30:1 to 
about 60:1 and Is most preferably approximately 45:1. For the second dialysis step, the detergent:lipid ratio 

so can be from about 1:1 to about 20:1 and is preferably from about 5:1 to about 10:1 and is most preferably 
about 8:1. Useful detergents are well known to those skilled In the art and include, but are not limited to, 
bile salts (sodium cholate, deoxycholate, taurocholate, etc.), CHAPSO, octylglucoside, TRITON-X deriva- 
tives, etc. Dialysis and related methodologies can be carried out using any of a number of techniques which 
are known to those skilled in the art. For example, bag, disc, flow-through, and counter-flow dialysis 

65 techniques and apparalus may be utilized. A wide range of lipid:protein molar ratios can be used. This 
range may be, for example, from about 1 x 10 s ;1 or higher to around 100:1 or lower. The ultrastructure 
should preferably be unilamellar, however, oligolamellar may also be acceptable for some purposes. 
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An important aspect of the double-detergent dialysis method is that the two steps are independent 
processes. During the first step, unilamellar lipid envelopes in a size range of about SO to about 500 nm or, 
preferably, about 150 to about 350 nm or, most preferably, approximately 250 nm, essentially Identical to 
natural viral membranes, are generated. These preformed envelopes are of superior physical stability with 
6 an average size, and sue distribution, that remain essentially unchanged over several months when stored 
under refrigeration- 

The envelopes produced according to the subject Invention can be freeze-dried and thus preserved for 
extended periods of time. The freeze-drying, or other means of preservation, can be done either before or 
after insertion of the protein onto the envelope. The use of freeze-drying procedures can reduce or 

ro eliminate the need for keeping vaccines refrigerated and, therefore, can be very important for field uses, 
especially in underdeveloped countries. The stability of the lipid vesicles can be Improved even further by 
polymerization of one or more of the phospholipid components. 

Thus, a large reservoir of concentrated lipid envelopes can be prepared and stored while Individual 
batch sizes of the final artificial viral envelope containing the surface protein or their desired composite 

/s epitopes can be prepared upon demand. The method is flexible so that batch sizes in a range of less than 5 
ml to liter quantities can be prepared reproduclbfy and under sterile conditions using, for example, either 
teflon dtalysfs cells or flow-through hollow fiber dialysis apparatus, 

An Important feature of the viral envelopes produced according to the subject Invention is that the 
protein can be inserted only on the outside surface of the envelope. Whole proteins or antigenic 

20 determinants or epitopes may be used on the lipid vesicle. As used herein the terms "epitopes" and 
"determinants" are used interchangeably to refer to portions of proteins or peptides which either raise 
antibodies or are recognized by or react with antibodies. Advantageously, this protein Is exposed and 
available for antigenic and immunologic reactivity. The protein which is applied to the envelope may be 
natural protein isolated from any viral, bacterial, or other source. Also, the protein may be produced through 

25 recombinant means. The recombinant protein may be, for example, reactive epitopes from a virus of 
interest. Also, the protein applied to the envelope may be a cocktail of proteins or epitopes from a single 
virus (or other entity) or from several viruses (or other entities). The novel envelopes can be actively 
targeted to specific ceils via receptor recognition, e.g., CD4 receptor; at the same time, they are naturally 
targeted to macrophages which in many cases are reservoirs for viral and bacterial diseases. In addition, 

30 viral core proteins may be entrapped within the artificial envelopes which may further enhance their 
immunogenic response. 

According to the subject invention, the lipid envelopes produced according to the unique process can 
be coated with proteins from any one of a number of viruses, bacteria, and parasites. Specifically 
exemplified herein is the construction of artificial ftSV and HIV-1 envelopes. The following applications of an 
56 artificial HIV-1 viral envelope can be envisioned: 

1. Artificial HIV-1 envelopes, being identical to the natural HIV-1 envelopes in size and chemical 
composition, would Induce both a humoral and cellular immune response; thus, they may serve as a 
synthetic subunit vaccine against HIV-1. Several significant advantages of such a synthetic vaccine over 
vaccination with a natural modified HIV preparation can immediately be appreciated: (a) since the 
40 artificial HIV-1 envelope Is void of genetic information, there is no danger of Infection; {b) the synthetic 
vaccine is tikely to be more immunogenic due to proper presentation of the antigen to lymphocytes; (c) 
insertion of desired composite epitopes will yield highly efficacious vaccines; and (d) antigenic drift, once 
identified and reproduced by recombinant techniques, can immediately be simulated with the synthetic 
vaccine. 

45 2. Due to the unique capability of me HIV-1 virus to bind to and fuse with CD4 + cells, the artificial HIV-1 
envelope may be utilized as a novel "target-seeking 1 ' drug delivery system for antiviral drugs for delivery 
of antiviral agents specifically to HlV-1 infected cells. This is an important and novel aspect of the 
artificial HIV-1 envelope since both the antiviral killing efficacy of antiviral drugs and stimulation of 
production of virus-neutralizing antibodies can ba combined In the same delivery device in order to 

go effectively protect an infected individual from spreading of the infection and provide a potential cure of 
the disease. 

3. The investigation of biochemical and immunological pathways as well as the development of vaccines 
and antiviral drugs Is complicated by restrictive regulations necessary to protect personnel from 
inadvertent exposure to HiV-1. Since the artificial HIV-1 envelope does not contain genetic information, 
ss its use would be much less restricted. Therefore, the artificial HIV-1 envelope may serve (a) as an in vitro 
model for viral infectivity, particularly to investigate viral cell binding and cell fusion, and (b) as an to vitro 
efficacy screening test of antiviral drugs that act on the principle of viral membrane perturbation or 
specific binding to viral surface proteins. 

5 
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Artificial RSV envelopes may serve as a synthetic vaccine against R$V in a similar fashion as described 
above for HIV-1. In addition, it may serve as a drug delivery system for antiviral agents such as ribavirin 
and others for the treatment of pulmonary RSV infections. Artificial RSV envelopes are highly fusogenic 
and, therefore, may be used as an efficient fusogenic intracellular drug carrier, specifically for the aerosol 

5 delivery of antiviral drugs to infection sites in lung epithelial cells. 

A virtually unlimited number of artificial viral envelopes can be prepsro<i and applied as described for 
tho examples above using recombinant or Isolated surface determinants. For example, the novel lipid 
vesicles of the subject invention can be used in connection with a number of human viruses including 
arboviruses including aJphaviridae (Easter, Western, and Venezuelan equine encephalitis virus), flaviviridae 

to (St. Logis encephalitis virus), bunyaviridae (California encephalitis virus), orbivirus (Colorado tick fever), 
yellow fever virus, Dengue and Dengue hemorrhagic fever virus, Japanese encephalitis virus, Murray Valley 
encephalitis virus, Chlkungunya virus, tick-bonne encephalitis virus, Kyasanur Forest virus, Crimean hemor- 
rhagic fever and Congo virus, Rift Valley Fever virus; arenaviruses including lymphocytic choriomeningitis 
virus, Argentinean and Bolivian hemorrhagic fever virus, and Lassa fever virus; coronaviruses including 

15 infectious bronchitis virus; human cytomegalovirus; enteroviruses including polioviruses, Coxsackieviruses A 
and B, echoviruses, and hepatitis A virus; Epstein-Barr virus; gastroenteritis-causing viruses including 
Norwalk group of viruses and rotaviruses; bunyaviruses including hantaviruses (hemorrhagic fever with renal 
syndrome); hepatitis viruses including A, B, delta, non-A-non-B; herpes simplex viruses 1 and 2; varicella 
zoster virus (human herpes virus 3); Influenza virus (A.B.C); paramyxoviruses including parainfluenza virus 

20 type 1-3; respiratory syncytlcal virus; measles virus; mumps virus; rabies and rabies-related viruses; 
retroviruses including human T-lympbotrophic virus type I and ll (KTLV-I/II) and human immunodeficiency 
virus type 1 and 2 (HIV-1/2); rhinoviruses; rubella virus; orthopoxvirus group including smallpox virus; B19 
parvovirus; human papilloma viruses; Newcastle disease virus; Semliki Forest virus; encephalomyocardftis 
virus; Marburg and Ebola virus (African hemorrhagic fever); vesicular stomatitis virus; DNA viruses including 

25 adenoviruses (41 types) (Acute Respiratory Disease ARD); natural, complete, truncated or synthetic viral 
glycoproteins and chimeras thereof, viral proteins and peptides used to prime MHC clas$-l-restricted and 
class-ll-restricted cytotoxic T lymphocytes (CTLs); viral protein fragments (e.g., from RSV G glycoprotein) 
which induce T helper and B cells and chimeras thereof. 

This technology can also be used with animal viruses such as bovine viral diarrhea virus, hog cholera 

oo virus, border disease virus (sheep); infectious bursal disease virus (chicken). Sindbis virus (equine 
encephalitis); canine distemper virus, phocid distemper virus, rinderpest virus, peste des petlts ruminants 
virus, foot-and-mouth disease virus, feline immunodeficiency virus, simian immunodeficiency virus, bovine 
leukemia virus. 

Epitopes from bacterial and parasitic disease agents such as Oorynebacterlum diphtherias (diphtheria), 

35 Clostridium tetani (tetanus), Neisseria meningitidis (meningitis), Streptococcus pneumoniae (pneumonia), 
Haemophilis influenzae (meningitis) (capsular polysaccharides), Bordatelte pertussis (whooping cough) 
(pertussis toxin), Salmonella typhi (typhoid fever). Vibrio cholerae , Coxiella burnetii (Q fever), Mycobac- 
terium tuberculosis atypical mycobacteria Including M. avium -Intracellulars and M; kansasii, Shigella , 
leishmaniasis, schistosomiasis, Plasmodium falciparum (malaria), Eimeiia (coccidiosis) (poultry) can also be 

40 used with the novel envelopes. 

These novel lipid vesicles of the subject invention can also be used to transfer genetic material to 
bacterial cells, yeasts, animal and human cells, or plant cells. As used herein, "genetic material" refers to 
gene constructs, DNA, RNA, or plasmids. The genetic material may be Incorporated into the lipid vesicle 
during the first step of the novel process such that the genetic material is encapsulated within the lipid 

46 vesicle. Artificial lipid vesicles could be used in plants as vectors carrying t-DNA for the transfer of host- 
defense response genes; or to create host "resistance" genes, e,g„ import Bacillus thuringlensfe crystal- 
protein gene to express B. thuringlensis toxin as "bioinsecticide;" or to deliver anti-sense nucleic acid, e.g., 
anti-sense construct of polygalacturonase in tomato plants; or to deliver viral satellite RNA; or to deliver 
ribozymes to induce autocatalytic RNA cleavage, e.g., of the satellite tobacco ringspot virus RNA. Viral 

so envelopes may be from the groups of reoviruses, robemoviruses, tymoviruses t tombusvirusas, inteoviruses, 
tobraviruses, furoviruses, comoviruses, nepoviruses, hordeiviruses, cucomoviruses, ilarviruses, 
brornoviruses, alfalfa mosaic virus, rice stripe virus, tomato spotted wilt virus, velvet tobacco mottle viruses. 

In addition to their uses as subunit vaccines and vectors, the envelopes described herein can be used 
In a variety of therapeutic applications including the destruction of viruses or specific cells such as cancer 

55 cells. Also, these envelopes can be appropriately modified to play a role in the modulation of biological 
pathways or reactions, especially In the endocrine and immune systems. These envelopes can be targeted 
to T-cell lymphocytes and their subpopulations. Advantageously, receptor-specific drug/toxin modulator 
delivery systems can he tailored to any receptor that recognizes peptide or protein moieties that can he 

6 
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inserted in the viral envelope. 

The use of the lipid vesicles of the subject Invention to deliver drug?, toxins, or other substances can be 
accomplished in at least two ways, first, the lipid vesicle may be constructed to encapsulate the drug or 
toxin of interest. The vesicle could then be coated with a protein determinant which directs the lipid vesicle 

5 <and encapsulated substance) to the desired location. Alternatively, the lipid vesicle may be conjugated to 
any number of moieties. For example, the lipid vesicle may be conjugated to a toxin by coating the vesicle 
with glycoproteins which act as spacer arms to connect the lipid vesicle to the toxin. These glycoproteins 
which are embedded in the lipid vesicle may have, for example, a cysteine residue at the free end of the 
protein which would facilitate conjugation to a toxin via a disulfide bond. 

10 The technology described herein can be used to treat various diseases including, but not limited to, T* 
cell malignancies related to retrovirus activity such as acute lymphoblastic leukemia, Kawasaki's disease, 
Hodgkin's disease; sarcoidosis; neurological syndromes including multiple sclerosis and chronic neurologi- 
cal diseases including subacute sclerosing panencephalitis, progressive multifocal leukoencephaJopathy, 
Kuru and Creutzf&Fdt- Jakob disease; autoimmune diseases including degenerative joint disease. Cancers 

is with known viral agents Include cervical cancer (herpes simplex virus 2, human papilloma virus); Burkitt 
lymphoma (Epstein-Barr virus); nasopharyngeal carcinoma (Epstein-Barr virus); hepatocelfular carcinoma 
(hepatitis S virus). 

The drugs and other active agents that these envelopes can be used with include antiviral, antibiotic, 
and antifungal drugs. Also, the envelopes can be linked to toxins, polynucleotides, immunomodulaiors, and 
so membrane-perturbing agents. 

The compositions ot the subject invention can be delivered to humans or animals by a number of 
methods known to those skilled in the art. For example, the lipid vesicles may be formulated for parenteral, 
oral, or topical administration. Also, in a preferred embodiment of the invention, the compounds may be 
administered as an aerosol spray or as nasal or ocular drops. The formulations will typically be in a 
25 saline/buffer solution. 

Materials Used 

Phospholipids were purchased from the following sources: egg phosphatidylcholine (PC) (lot #37F- 
oo 8420), phosphatidylserine (P$) (lot #99F-83561) from bovine brain, egg phosphatidylethanolamine (PE) pot 
#58F-8371), cholesterol from porcine liver (lot #36F-7040), deoxycholic acid (lot #108F-0331) and sodium 
cholate (lot #78F-0533) were from Sigma Chemical Co., St. Louis, MO. Egg sphingomyelin (SM) (lot #ESM- 
22) was from Avanti Polar Lipids, Pelham, AL. The composition of phosphate buffered saline (PBS) was 
NaCI 137 mM, KCI 2.7 mM, Na^HPOi 8.1 mM, KH*PO + 1.5 mM, with 0.6 mM sodium a2»de (lot #1 3F-0600) 
35 (Sigma)* Spectra/Por 2 (mat. cut-off 12-14,000) membrane discs were used for dialysis In teflon dialysis 
cells. 

HIV-1 gp160 envelope protein (lot #8962R-1) at a concentration of 100 ug/mt in 5 mM Tris buffer 
containing 0.005% polysorbate 20 was from MicroGeneSys, Inc., West Haven, CT. According to the 
manufacturer's specifications, it is a full-length glycosylated recombinant protein derived from the any gene 
40 of HIV-1- The protein Is produced in insect cells using the baculovirus expression system and purified by 
low pressure, low temperature chromatography. 

RSV glycoproteins F and G were obtained from Dr. E. Walsh, Rochester, NY, and were purified by 
affinity chromatography according to published methods. Purity was assessed by SD$ polyacry (amide gel 
electrophoresis and Coomassie Blue stain. Western blots showed no cross-reactivity ol F glycoprotein with 
45 (3 glycoprotein and vice versa. 

HEp-2 cells were grown on sterile covarslip flasks at 37 *C and 5% CO2. When the cells were 
approximately 50% confluent, they were washed with PBS and then used to perform fusion experiments. 

The following examples illustrate and exemplify the objectives and embodiments of the present 
invention. However, the Invention is in no way restricted to the examples presented. 

$0 

Example 1 - Preparation of Artificial HIV-1 or RSV Envelopes (Without Protein) 

Stock lipid solutions were prepared as shown in Table 1_ Briefly, enough cholesterol or phospholipids 
were dissolved Individually in 10 ml chloroform to give the concentrations indicated in Table 1. Sodium 
55 cholate stock solution was prepared in methanol. 
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Table 1 



Lipid Composition and Stock Solutions 




mg/IOml HCCb 


MW 


Mmotes/10 ml 


mote% of total PL 


cholesterol (OH) 


38 


386 


Q8.4 




phosphatidylcholine (PC) 


20 


786 


25.4 


23.7 


phosphatidyrethanolamine (PE) 


18 


743 


24.2 


22.6 


phosphatldylsorine (PS) 


23 


832 


27.6 


25.7 


sphingomyelin <SM) 


22 


731 


30.1 


28.1 


TOTAL PHOSPHOLIPID (PL) 


83 




107.3 


100.0 


TOTAL UPID (incl. CH) 


121 




205.7 




Sodium cholate 


2000 1 


430.6 


4644.7 





19 A \n methanol 



As shown in Table 2, the ratio of total phospholipidxholesterol was approximately 1, and the 
detergentitotal lipid ratio was approximately 46. 

Table 2 



Lipid :Cholesterol and Lipid:Detergent Ratio 


CONC.(uMOLE/10ml) 


MOLAR RATIO 


Total Phospholipid initial 


Cholesterol 


107.3 


98.4 


0.92 


recovered after dialysis 


79.4 (74.0%) 


69.2 (70.3%) 


0.87 


Total Upid 


Sodium Cholate 1 


205.7 


9289.4 


46.2 


1 Total amount of detergent used; 4 mg (20 ul) = 9269,4 ixmofes 



The phospholipid composition of artificial and natural HIV-1 envelopes (Gordon, L.M., F.C. Jensen. C.C* 
Curtain, P.W. Mobley, R.C. AJoia (1988) In Lipid Domains and the Relationship to Membrane Function [R.C. 
Aiwa et at., eds.] Alan R. Liss, Inc., New York, pp. 255-294) is shown in Table 3. The minor fractions of 2.1 
mole% phosphatidyllnositol and 0 9 mole% phosphatide acid, and the 5 mole% of "other" lipids (Gordon et 
at., supra) were substituted by a larger fraction (25.7 mole% vs. 15,1 mole% In the natural membrane of 
PS. 



Table 3 



Lipid Composition of Artificial and Natural HIV-1 Envelope 


LIPID 


MOLE% OF TOTAL PHOSPHOLIPIDS 




PC 


PE 


SM 


PS 


PI 2 


PA 3 


Other 


NATURAL 1 


23.8 


24.6 


28.3 


15.1 


2.1 


0.9 


5.0 


ARTIFICIAL 


23.7 


22.8 


28.1 


25.7 


n.a* 


n.a. 


n.a. 



1 Gordon. LM. et al„ supra 
ss 2 PI = phosphatidyllnositol 

3 PA = phosphatide acid 
*n.a. « not added 
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Of every lipid stock solution, 500 nl were combined in a round-bottom flask and 1000 ul of the sodium 
cholate stock solution were added. The organic solvent was removed under a stream ol nitrogen. 

The lipid/detergont film was dispersed in 5.0 ml 10 mM PBS and sonicated for 10 minutes in a bath 
sonicator (Lab Supplies, Hicksville, NY) until solubilization of the lipids was completed. The clear liquid was 
s transferred to a teflon dialysis cell equipped with a Specira/Por 2 membrane (MW cut-off 12-14,000) and 
dialyzed agafnst 2 liters of PBS with 5 buffer changes after 4, 8, 16, 24, and 48 hours. The buffer was 
purged with N2 over the entire time of dialysis. The samples were removed form the dialysis cell after a 
total dialysis time of 54-56 hours and stored at 4 ■ C, 

The size and size distribution of the artificial envelopes was analyzed using a NICOMP Model 370 laser 
jo particle steer (Particle Sizing Systems, St. Barbara, CA). A typical example of a homogenous population of 
vesicles had an average size of 216 nm ± 82 nm (Std, Dev.) and a chi 2 value of 1.39. The reproducibility of 
preparation was remarkable. A total of 15 samples prepared was found to have an average diameter of 250 
nm with an extremely narrow standard deviation of tile mean of 23 nm. 

The ultrastructure of the vesicles was determined by freeze-fracture electron necroscopy. The results of 
J5 the electron microscopy showed perfectly unilamellar artificial envelopes. 

Cholesterol was determined according to the method of Zlatkis et al. (Zlatkis, A., B. Zak, and A.J. Boyle 
[1953] J. Lab. Clin. Med, 41:486-492). A total of 267.1 (jug CH/ml, corresponding to 76.3% of the original 
total amount of CH, were recovered. 

For phospholipid analysis a sample was extracted according to the method of Bligh and Dyer (Bligh, 
20 E.G., and W.J. Dyer [1959] Can. J. Biochem. Phys. 37:911-917). A quantitative phospholipid assay was 
performed according to the method of Stewart (Stewart, J.C.M. [1980J Anal. Biochem, 104:10-14). In a 
typical experiment, a total of 613.8 ug PL/ml, corresponding to 74.0% of the original total amount of PL, 
was recovered. 

The final phospholiptd:cholesterol ratio was 0.87, only slightly different than the original ratio of 0.92. 

Example 2 - Stability of Artificial HIV Envelopes (Without Protein) 

Artificial HIV-1 envelopes (without protein) were stored at 4 *C in the refrigerator. Average size and size 
distribution were analyzed periodically by laser light scattering. Surprisingly, it was found that these 
30 envelopes were extremely stable with respect to retention of their original size. Examples of the size 
retention of four different batches stored over 20, 30, 60, 69, and 1 63 days, respectively, are shown in Table 
4. Such practically ideal physical stability was a completely unexpected finding, since It is known that 
conventional liposomes of a comparable size and high cholesterol content "grow" upon storage due to the 
high free energy content of the highly curved membranes. 

35 



40 



46 



50 



56 



9 
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Table 4 



Physical Stability of Artificial HIV-1 Envelopes 


Time from Prep, (days) 


Average Size (nm) ± Size Distribution 


Sample 1 


Sample 2 


Sample 3 


Sample 4 


0 


267 ± 137 


216 ±82 


274 ± 106 


234 ± 99 


2 


284 ± 123 








4 




211 ±77 






6 


253 ± 111 








7 




208 ± 87 






8 


23Q ± 02 








15 




209*89 






15 




181 ± 48 1 






17 


252 * 95 








20 




190 ±57* 


247 ± 94 




30 




195 ± 58 1 






60 








283 ± 112 


69 


285 t 42 








163 








286 ± 91 



1 Alter the first reading on day 15, this sample was filtered through a 0.22 urn Acrodisc 
(Gefman) fitter. 



26 

Example 3 - Preparation of Artificial HIV-1 Envelopes with gpl60 

Complete artificial HIV-1 envelopes containing the HIV-1 gp160 ytw& prepared by a novel double* 
30 detergent dialysis technique. Double-detergent dialysis is a requirement because the high concentration of 
cholesterol in the lipid envelope requires a high concentration of detergent. Therefore, the dialysis is 
performed In two steps. The first step of preparing the lipid envelopes without the protein wa3 essentially 
identical to the procedure described In Example 1, above. The second dialysis step consisted of the 
following procedure; The preformed envelopes were filtered through 0.22 nm litters (Acrodisc) and 2.5 ml of 
36 these were mixed under aseptic condition 5 with 0.5 ml of a filtered aqueous solution of dooxycholate 
(lipid;detergent molar ratio -fi) and incubated at room temperature for 1 hour. Partial solubilization was 
observed with electron microscopy of a vesicle sample treated similarly. gp160 (100 ug) was added 
aseptlcally, gently mixed, and kept for 45 minutes at room temperature. The mixture was then dlalyzed In 
the cold (4*C) against 2 liters of Tris (10 mM, pH 7.8, containing 0.5 mM NaN3) with 5 buffer changes at 4, 
40 8, 16. and 48 hours. The buffer was purged with Na for the entire lime of dialysis. The sample was removed 
after 56 hours and analyzed for size and inclusion of gp160 on the outer vesicle surface by immunolabeling 
followed by electron microscopy (sea Example 4). 



Example 4 ■ Immunolabellng and Determination of gp160 on the Surface of Artificial Envelopes 

45 

Forrnvar coated nickel grids were treated with a 1% solution of poly-L-lysine for 10 minutes, briefly 
washed in water, and placed on a drop of the artificial envelopes. Envelopes were allowed to adsorb to the 
surface of the grid for one minute. Grids were floated on PBS for 10 minutes, foilowed by 10 minutes on 
1% bovine serum albumin (BSA). After removal of excess BSA, the grids were incubated for 1 hour on a 

50 1:250 dilution of the monoclonal antibody specific to gp160 (Cellular Products, Inc., Buffalo, NY) or on an 
irrelevant monoclonal antibody. Grids were washed three times for 10 minutes each on PBS and incubated 
on a 1:20 dilution of goat anti-mouse IgG coupled to 15 nm colloidal gold for 1 hour. Grids were washed 
twice for 10 minutes in each PBS and distflled water. Grids were negatively stained with 1% uranyl acetate 
In water for 20 seconds* drained, and allowed to dry. The grids were observed on a Hitachi H-7000 electron 

55 microscope at 70 kV. Control lipid envelopes without protein were treated in an identical manner. 

Monoclonal anti*gpi60 antibody was found bound specifically to viral envelopes as visualized with the 
anti-mouse IgG-coupled gold, whereas viral envelopes treated with unrelated monoclonal antibody and lipid 
envelopes without protein treated with antl-gp160 antibody and the gold stain did not show gold-antibody 
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binding. 

Exam pis S - Selective Binding of Artificial Envelopes to CP4* Cells 

6 L.W. cells were derived at the University of Florida from the peripheral blood of a patient with HTIV-1 
positive adult T-celi acute lymphoblastic leukemia. Row cytometry analysis demonstrated these cells as 90- 
100% positive for the CD4 surface antigen. The HL-60 cell line was obtained from ATCC, Rockville, MD. 
These cells are grown in suspension culture and have myeloblast/promyelocyte morphology. They lack 
specific markers for lymphoid cells. Approximately 1 x 10* cells in 0.5 ml were centrrfuged at 1,000xg for 

io 10 minutes; 10 ul of [ 125 IMabeled envelopes, corresponding to » 1 x 10 6 cpm (TCA-preciprtete = « 64% of 
total counts), were added, and incubated on ice for 1 hour; 0.6 ml PBS were added; the sample was 
centrifuge d, the pellet washed 5 tf'mes with PBS and bound 125 1 (cpm) counted in a gamma counter. 

As shown in Table 5, counts associated with the CD4 4 L.W. cells were significantly higher than counts 
bound to CD4~ control cells. This confirms the presence and conformational integrity of the gp160 on the 

1& artificial membrane surface and its affinity to the CD4 receptor. 



Table 5 



Selective binding of artificial envelopes to CD4+ cells 


Cell Type 


CD4 


P»il Binding (cpm) Avg. ± Std. (N - 3) 


L.W. 


+ 


134,994+ 20.529 


HL-60 




82,614*13,155 



26 

Example 6 - Preparation of Artificial RSV Envelopes with G and F Glycoproteins 

Artificial RSV envelopes were prepared essentially identical to the method described in Example 1 and 
30 Example 3. Glycoprotein stock solutions contained 175 tig/ml Q glycoprotein (MW « 90,000) and 350 ug/ml 
F glycoprotein (MW *48,000), respectively. 

Four samples of 1 ml lipid stock solution corresponding to 1.21 mg or 20.6 jxmofe totaf lipid were 
removed and dried under a stream of N 2 prior to redispersion and solubilization with sodium cholate 
followed by dialysis (Example 1). Since these samples were used to demonstrate fueogenicity of the 
36 artificial RSV envelopes, the fluorescent dye 6-carboxyf!uorescein (6-CF) was added as aqueous space 
marker. A sample of nonspecific artificial envelopes without glycoprotein was used as control in fusion 
experiments (Example 7), In step 2, one sample was prepared with 46.3 \i\ of the G glycoprotein stock 
solution only, one sample with 8-2 u\ of the F glycoprotein stock solution only, and one sampte with both 
46.3 ul of the G glycoprotein and 6.2 ul of the F glycoprotein stock solution. Deoxycholate was added and 
40 the samples processed as described In Example 3. The corresponding lipid:protein ratios are shown in 
Table 6. Prior to use in fusion tests (see Example 7) the artificial RSV envelopes were centrifuged for 10 
minutes in art Eppendorff microfuge and the CF solution replaced with PBS. 



Table 6 

45 



Lipid:Protein Ratio of Artificial RSV Envelopes 


Glycoprotein 


Lipid Cone, (umole/ml) 


Glycoprotein Cone. (timo!e/ml) 


Molar Ratio 


G 


20.6 


9x10-* 


2.3 x 10 5 


F 


20.6 


6x10"* 


3.4 x 10 5 


G + F 


20.6 


1.5x10"+ 


1.4 X 10 s 



65 Example 7 - Fusion of Artificial RSV Viral Envelopes With HEp*2 Cells 

HEp-2 cells were grown on sterile coverslip fiasks at 37 »C and 5% COa, When the cells were 
approximately 50% confluent, they were washed with P8S and then used to perform fusion experiments as 
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follows: To HEp-2 cells in Petri dishes were added 0.5 mf of one of the solutions containing the artificial 
envelopes without protein, whh G glycoprotein only* with F glycoprotein only, or with both G and F 
glycoprotein as described in Example 5. An additional control was a solution containing 6-CF diluted 
1:20,000 only (no lipid control). Cells were replenished with 3 mi of a 1% DMEM cell culture medium and 

5 incubated at 37*0 in 5% CO2. Cells were viewed alter 1, 2, 4, and 24 hours under a fluorescent 
microscope at 40X magnification and photographed under phase and fluorescent light 

Cells incubated with diluted CF solution did not fluoresce. Cells Incubated with artificial RSV envelopes 
without protein showed only faint occasional fluorescence. There was no detectable fluorescence from a 
field of cells incubated with lipid envelopes without protein (lipid control). Also, cells incubated with artificial 

to RSV envelopes containing Q glycoprotein or F glycoprotein only showed some, but relatively faint, 
fluorescence. However, practically all cells of a batch that had been incubated with the complete artificial 
RSV envelopes were fluorescent after t hour incubation. Fluorescence is In ad cases diffuse within the 
cytoplasm of the cells, which confirms that the transfer process was a fusogenlc process rathor than a 
phagocytic process which would result in punctate fluorescence confined to intracellular vacuoles. These 

15 results indicate that the complete artificial RSV envelope is highly fusogenic and may therefore be used as 
a drug carrier to deliver drugs directly into the cytoplasm of infected cells. 

Claims 

so 1- A two-step process for preparing unilamellar lipid vesicles having a size of from 50 to 500 nm, a 
cholesterol phospholipid ratio of from 0.8 to 1 .2, and a stable, rigid structure and additionally having 
antigenic or Immunogenic proteins, peptides or epitopes on their outer surface, 

the first step comprising solubllising phospholipids and cholesterol In a detergent solution such that 
the molar ratio of detergent to total lipids Is between 10:1 and 100:1 and the ratio of phospholipid to 

26 cholesterol is between 0 8 and 1.2, and removing the detergent by dialysis, 

and the second step comprising insertion of proteins or peptides comprising appropriate antigenic 
or immunogenic epitopes onto the surface of the resultant rigid vesicle, wherein the insertion of the 
proteins involves partial micetlation of the rigid vesicle with a detergent, wherein the ratio of detergent 
1o lipids is between 1:1 and 20:1. adding the proteins to the partialty-micellated vesicle, and removing 

30 the detergent by dialysis. 

2. A process according to claim 1, wherein the proteins or peptides are glycoproteins. 

3. A process according to claim 2, wherein the glycoproteins are either natural or recombinant proteins 
55 from the virus HIV-1 or RSV*. 

4. A process according to claim "I, wherern viral core proteins are incorporated into the lipid vesicle, 

5- A process according to any of claims 1 to 4, wherein the molar ratio of detergent to total lipids in the 
40 second step is about 8:1 . 

6. A process according to any preceding claim, wherein the molar ratio of detergent to total lipids in the 
first step is between 30:1 and 00:1. 

46 7. A process according to claim 6, wherein the molar ratio of detergent to total lipids in the first step is 
about 45:1. 

8- A process according to any preceding claim, wherein the lipid vesicle comprises the lipids 
phosphatidylcholine, phosphatidylsorine. phosphatidylethariolarnlne and sphingomyelin. 

9. A process according to any preceding claim, wherein the detergent is sodium deoxychotate. 

10. A process according to any preceding claim, which further comprises freeze-drying the vesicles, to 
Increase the time the vesicles can be stored. 

11. A unilamellar lipid vesicle obtainable by a process according to any preceding claim. 
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12. A synthetic, unilamellar lipid vesicle having a size between 50 and 500 nm, a cholesterolrphospholipid 
ratio between 0.S and 1 .2, and a stable, rigid structure. 

13. A lipid vesicle according to claim 12, having a size between 150 and 300 nm. 

14. A lipid vesicle according to claim 12 or claim 13, which is freeze*dried. 

16. A lipid vesicle according to any of claims 12 to 14, further comprising, Inserted in, and presented at, its 
surface, proteins or peptides expressing antigenic or immunogenic epitopes, e.g. a viral core protein or 
to a natural or recombi riant protein from HIV-1 or RSV such as gp160 or an immunologic or antigenic 
fragment thereof. 

16. A lipid vesicle according to any of claims 12 to 15, which comprises a cocktail of glycoproteins the 
cocktail being made up of different epitopes from a single viral entity or epitopes from more than one 

w viral entity, 

17. A lipid vesicle according to any of claims 12 to 16, which further comprises genetic material. 

19- A lipid vesicle according to any of claims 12 to 17, which further comprises a conjugated or 
20 encapsulated toxin or drug. 

19. A vaccine comprising a vesicle according to any of claims 11 to 18. 

20. Use of a vesicle according to any of claims 11 to 18 for the manufacture of a medicament for inducing 
26 humoral or cellular immune response. 

21. Use of a vesicle according to claim 18 for the manufacture of a medicament for use In delivering the 
drug or toxtn to a specific site, wherein the vesicle comprises an antigenic or immunogenic epitope 
which directs the vesicle and conjugated drug or toxin to the desired site. 

22. Use according to claim 21, wherein the epitope is an HIV epitope and the desired site is a CD4 + cell. 

23. A method for transferring genetic material Into bacterial cells, yeasts or plant cells, which comprises 
contacting a vesicle according to claim 17 with the cells to which the genetic material is to be 

as transferred. 

24. Use of a vesicle according to claim 17 for the manufacture of a medicament for delivering the genetic 
material into cells. 

40 25. A method for transferring genetic material into cells in vitro, which comprises contacting a vesicle 
according to claim 17 with the cells to which the genetic material is to be transferred. 

PatentansprUcho 

4S 1. Zweistufiges Veriahren zur Herstellung von unilamellaran Lipid-Veslkeln mit einer GrMe von 50 bis 500 
nm, einem Cholesterin ;Phospholipld-Veitiattnis von 0,B bis 1,2 und einer stabilen starren Struktur, 
welche femer antigene oder immunogene Proteine, Peptide oder Epitope auf Ihrer auBeren GberflSche 
aufweisen, wobel die erste Stufe umfaflt 

das Solubilisieren von PhosphoUpfden und Cholesterin in einer DetergenslSsuhg, so daB das 

50 MolverhSltnis von Detergens zu QesamtHpfden 10:1 bis 100:1 betragt und das VerhSltnis von Phospho- 
lipid zu Cholesterin 0,8 bis 1,2 betragt, und das Entfernen des Detergens durch Dialyse, und die zweite 
Stufe umfaQt 

die Insertion von Proteine n oder Peptiden, wolche geeignete antigene oder immunogene Epitope 
umfassen, auf der Oberflache des resultierenden starrer Veslkels, wobei die Insertion der Proteine eine 
65 partielle Micetlierung des starren Vesikels mit einem Detergens, wobel das Verhaltnis von Detergens zu 
Upiden 1:1 bis 20:1 betrSgt, das Zugeben der Proteine zu dem partiell micellterten Veslkel und das 
Entfernen des Detergens durch Diatyse beinhaltet 
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2. Verfahren nach Anspruch 1, worm die Proteine oder Peptide Glykoprotefne sind. 

3. Verfahren nach Anspruch 2, worin die Glykoproteine natOrliche oder rekomblnanle Proleine dps HIV-1- 
oder RSV-Virue sind. 

s 

4. Verfahren nach Anspruch 1 , worin virale Kernproteine in das Ljpid-Vesikel inkorporiert sind. 

6. Verfahren nach irgendeinem der AnsprOche 1 bis 4, worin das Molverhaltnis von Detergens zu 
Gesamtlipiden in der zweiten Stufe etwa 8:1 betrggt. 

;o 

6. Verfahren nach irgendeinem dsr vorhergehenden AnsprOche, worin das Molverh8ltn1s von Detergens zu 
Gesamtlipiden in der ersien Stufe 30:1 bis 60:1 betrSgt. 

7. Verfahren nach Anspruch 6, worin das Molverhaltnis von Detergens zu Gesamtlipiden in der ersten 
is Stufe etwa 46:1 betrSgt. 

8. Verfahren nach irgendeinem der vorhergehenden AnsprUche, worin das Upld-Veslkel die Lipide 
Phosphatidylcholine PhosphatidylserJn, Phosphatidylethanoiamin und Sphingomyelin umfaBt. 

20 9- Verfahren nach irgendeinem der vorhergehenden AnsprOche, worin das Detergens Natriumdesoxycho- 
lat 1st. 

10. Verfahren nach irgendeinem der vorhergehenden Anspruche, welches daruber hlnaus umfafit das 
Gefriertrocknen der Vesikel, um die Zeitspanne zu verlangem, fOr die die Vesikel gelagert werden 

56 konnen. 

11. Unilameilares Upid-Vesikel, erhSltlich durch ein Verfahren nach irgendeinem der vorhergehenden 
AnsprOche. 

30 12. Synthetfsches unilameilares Lipid-Vesikel mif einer GroBe von 50 bis 500 nm, einem Choleste* 
rin:Phospholipid-Verha'ltnis von 0,B bis 1 ,2 und efner stabiten starren Struktur, 

13. Lipid-Vesikel nach Anspruch 12 mH einer GrSSe von 150 bis 300 nm. 

35 14. Lipid-Vesikel nach Anspruch 12 oder Anspruch 13, welches gefriergetrocknet ist. 

15. Upid-Vesikel nach irgendeinem der AnsprOche 12 bis 14. welches terner in seine Oberflfiche inserierte 
und darauf pr&sentierte Proteine oder Peptide umfafit, die antigene oder immunogene Epitope expri- 
mieren, z.B. ein virales Kernprotein oder ein natOrllches oder rekombinantes Protein von HIV-1 oder 

40 RSV. z.B. gp160 oder ein immunologisohes oder antigenes Fragment davon. 

16. Liptd-Vesikel nach irgendeinem der AnsprOche 12 bis 15, das eine Mischung von Glykoproteinen 
umfaBt, welche Mischung sich aus verschiedenen Epitopen einer einzigen VlrusentitSt oder Epltopen 
von mehr ate einer Virusentitat zusammensetzt 

17. Upid-Vesikel nach irgendeinem der AnsprOche 12 bis 16, welches daruber hinaus genetisches Material 
umfaBt. 

1a Upid-Vesikel naGh irgendeinem der AnsprOche 12 bis 17, welches daruber hinaus ein konjugiertes oder 
so verkapseltes Toxin Oder Arznefrniftel umlaflt. 

19. Impfstoff, welcher ein Vesikel nach irgendeinem der AnsprOche 11 bis 18 umfaBt. 

20. Verwendung eines Vesikels nach irgendeinem der AnsprUche 1 1 bis 18 zur Herstellung eines Medika- 
56 merits zur Induzierung einer humoralen oder zeliularen tmrnunantwort. 

21. Verwendung eines Vesikels nach Anspruch 18 zur Herstellung eines Medikaments zur Verwendung fur 
die Abgabe des Arzneimittels oder Toxins an erne spezifische Steile, wobei das Vesikel ein antigenes 

14 
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Oder immunogenes Epitop umfaflt, welches das Vesikel unci cfas konjugierte Arzneimlttel Oder Toxin an 
die gewUnschte Stella dlriglert 

22. Verwendung nach Anspruch 21 , worin das Epitop ein HIV-Epitop und die gewUnschte Stelle elne CD4 + - 
5 Zelle ist 

23. Vertahren ztim Transfer von genetischem Material in Bakterienzetlen, Hefen Oder Pffanzenzelien, 
welches umfaSt, daB ein Vesikel nach Anspruch 17 mit dsn Zellen, in die das genetische Material 
transferiert werden soil, in Kontakt gebracht wird. 

10 

24. Verwendung elnes Vesikels nach Anspruch 17 zur Herstellung eines Medikaments zur Abgabe dee 
genetischen Materials in Zelten. 

25. Verfahren zum Transfer von genetischem Material in Zellen in vitro , welches umfaflt daB ein Vesikel 
is nach Anspruch 17 mit den Zellen, in die das genetische Material transferiert werden soil, in Kontakt 

gebracht wird. 

Revendications 

20 1. Procede en deux Stapes pour preparer des vesicuJes lipidiques unilamellaires ayant une taille de 50 a 
500 nm f un rapport cholesterol : phospholipWes de 0,8 a 1,2 et une structure rlgide stable et ayarrt en 
outre des prolines, peptides ou epitopes antig^nlques ou Emmunog^niques sur leur surface extern©, 

la premiere etape comprenant la solubiiisation des phosphoJipides et du cholesterol dans une 
solution de detergent de manrere que le rapport molaire du detergent aux lipides totaux soit compris 

ss entre 10 : 1 et 100 : 1 et que le rapport des phospholipids© au cholesterol soit compris entre 0»8 et 1,2, 
et le retrail du detergent par dialyse, 

et la seconde etape comprenant rtnsertion de prolines ou de peptides comprenant des epitopes 
antigdniques ou immunog6nlquos appropries sur la surface de la ve*sicule rig ids r4sultante, Insertion 
des proteines impliquant une transformation partietle en micelle de la vesicule rigide avec un detergent, 

30 le rapport du detergent aux lipides etant compris entre 1 : 1 et 20 : 1 , Paddition des prolines a la 
vesicule parti ellement transformee en micelle et le refcrait du detergent par dialyse. 

2. Precede selon la revendieation 1, dans lequel les proteines ou peptides sont des glycoproteins. 

35 3. Procede selon la revendicatton 2, dans lequel les glycoproteins sont dee proteines natu relies ou 
recombfnees provenant du virus VIH-1 ou VRS. 

4. Procede selon la revindication 1, dans lequel des proteines de nucteocapside virale sont Incorporees 
dans la vesicule liptdlque. 

40 

5. Procede selon Tune quelconque des revendications 1 H, dans lequel le rapport molaire du detergent 
aux lipides totaux dans la seconde etape est d'environ 8:1. 

6. Procede selon Tune quelconque des revendications pr§cedentos, dans lequel le rapport molaire du 
45 detergent aux lipides totaux dans la prerni&re etape est compris entre 30 : 1 et 60 : 1 . 

7. Procede selon la revindication 6, dans lequel le rapport molaire du detergent aux lipides totaux dans la 
premiere etape est d'environ 45 : 1 . 

60 8. Procede selon Tune quelconque des revendications prScedentes, dans lequel la v^sicufe liptdlque 
comprend les lipides phosphatidylcholine! phosphatidylserine, phosphatidyietharotatroe et sphingo- 
mye'line, 

9. Procede selon I'une quelconque des revendications prec£dentes, dans lequel le detergent est le 
es desoxycholate de sodium. 

10. Procede selon Tune quelconque des revendications prec4dentes, qui comprend en outre la lyophilisa- 
tion des v^slcules pour augm enter la durde pendant laquelle les vdsicules peuvent fhre stockdes. 

15 
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11. V^sicuie lipidfque unilamellatre pouvant §tre obtenue par un procede selon l'une quelconque des 
revendications pr4c4dentes. 

12. Vestcule lipidique unilamellatre synth&ique ayant une taille comprise entre 50 et 500 nm, un rapport 
5 cholesterol : phosphofipides compris entre 0,8 et 1,2 et une structure rlgide stable 

13. Vdsicule lipidique selon la revindication 12, ay ant une tallfe comprise entre 150 et 300 nm. 

14. Vesicule lipidique selon la revendication 12 ou la revendication 13, qui est lyophilisee. 

10 

15. Ve'sicute lipidique selon Tune quelconque des revendications 12 4 14, oomprenent en outre, inseres 
dans et pre*sentds a sa surface, des prolines ou peptides exprimant des epitopes antigen iques ou 
ImmunoQ^niques, par exempie une protein© de nucleocapslde vlrale ou une proline nalurelle ou 
recombin^e provenant de VIH-1 ou VRS telle que gpl60 ou un fragment immunologique ou antiggnique 

is de celle-ci. 

16. Vesicule lipidique selon l'une quelconque des revendlcations 12 h 15, qui comprend un melange de 
glycoprotelnes, ie melange etant constRue* par differents Epitopes provenant d'une seuia entity viralo oj 
par des epitopes provenant de plus d'une entite* virale. 

eo 

17. VSsicufe lipidique selon fund quelconque des revendlcations 12 a 16, qui comprend en outre du 
materiel ggn&ique* 

18. Vesicule lipidique selon Tune quelconque des revendications 12 a 17, qui comprend en outre une 
25 toxins ou medicament conjugue ou eocapsule. 

19. Vaccln comprenant une vdslcule selon Tune quelconque des revendications 11 h 18. 

20. Utilisation d'une vesicule selon Tune quelconque des revendications 11 h 18 pour la fabrication d'un 
30 medicament pour induire une response immunrtaire humorale ou cellulaire. 

21. Utilisation d'une vesicule selon la revendicatlon 18 pour la fabrication d T un medicament pour la 
fourniture du medicament ou de la toxlne h un site sp£cifique ( dans laquelte la vesicule comprend un 
Epitope antlg^nique ou immunogenfque qui dtrige la vesicule et le medicament ou toxine conjugue' vers 

35 la site voulu. 

22. Utilisation selon la revendication 21 , dans laquelle I'^pitope est un epitope de VIH et le site voulu est 
une cellule CD4+. 

40 23. Procede" pour transferer du materiel gdndtique dans des cellules bactSriennes, des levures ou des 
cellules vegetales, qui comprend la mise en contact d'une vSsicule selon la revendication 17 avec les 
cellules auxquelles le materiel gen&ique doltdtre transleVe". 

24. Utilisation d'une vesicule selon la revendication 17 pour la fabrication d'un medicament pour la 
45 fourniture du materiel gen&ique & des cellules. 

26. Procede pour transferer du materiel ge'n&ique dans des cellules in vitro, qui comprend la mise en 
contact d'une vesicule selon la revendication 17 avec les cellules auxquelles ie materiel ge^ne'tlquo doit 
Stre transfe>e\ 

60 



65 
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